Objective: To define risk factors affecting the outcome in traumatic subarachnoid hemorrhage. Material and Methods: Forty-four patients with traumatic subarachnoid hemorrhage were evaluated retrospectively. They were divided into three groups according to their age: elderly (≥65 years), adult (16-64 years), and children (<16 years). The clinical picture on admission was evaluated using the Glasgow Coma Scale. The patients were also divided into three groups according to their coma grading on admission: mild injury (Glasgow Coma Scale score 13-15), moderate injury (8-12), and severe injury (3-7). The amount of subarachnoid blood shown in computerized tomography was evaluated according to the Fisher index, and additional tomography findings were recorded. At last follow-up, presence of headache and neurological deficits as well as return to work or school were investigated, and the last clinical picture was evaluated with the Glasgow Outcome Scale. Results: There were 11 children, 23 adults and 10 elderly patients. Twelve patients died between 1-49 days after trauma; the others were followed for a mean of 14.6 months (from 10 to 30 months). In the children group, Glasgow Coma Scale score was significantly higher (p=0.004), subarachnoid blood amount was significantly lesser, and Glasgow Outcome Scale score was significantly better compared to the other groups. For all groups, higher trauma severity on admission was associated with higher Fisher index (p=0.016). Most important factors affecting clinical results were severity of head injury on admission (p=0.0001), Fisher index (p=0.003), and presence of additional findings on computerized tomography (p=0.0001). Conclusion: Traumatic subarachnoid hemorrhage usually has a good clinical outcome in children; however, in elderly patients, the outcome is worse, and there are usually additional intracranial traumatic lesions. Most important factors affecting outcome are blood amount on first computerized tomography, head trauma severity, and presence of additional intracranial traumatic lesions.
Introduction
In autopsy studies, the most frequent pathologic lesion in fatal head injuries is traumatic subarachnoid hemorrhage (tSAH) (1) . Clinical studies reported that incidence of tSAH increased with severity of head injury. In severe head injury, it was shown in 12-39% of patients (2, 3) , whereas in mild head injury it was seen in 2-4% (4, 5) . Levi et al. (6) found presence of tSAH in 20% of patients with diffuse axonal injury. Although tSAH is rarely seen in mild head injury, Jeret et al. (7) reported that the most frequent computerized tomography (CT) finding in these patients was tSAH.
It is well known that the presence of tSAH causes significant worsening of the outcome of patients with head injury (2, 8, 9) . This may be due to vasospasm after tSAH, or tSAH may be an important factor initiating secondary insult after trauma.
In this study, 44 consecutive patients with tSAH that had been treated and followed in our clinic were retrospectively evaluated to define risk factors causing worsening of clinical outcome.
Material and Methods

Patients and Groups
In this study, patients with tSAH that had been admitted to the emergency department within 24 hours after trauma and treated in the neurosurgery clinic or intensive care unit of our hospital were evaluated retrospectively. Patients with serious systemic multitrauma, patients whose CT examination within 24 hours after trauma was not available, patients whose followup period was shorter than 6 months, and patients whose hospital records were not adequate were excluded. A total of 44 patients met the inclusion criteria.
Scales
Neurological state on admission was evaluated using the Glasgow Coma Scale (GCS) (10) ( Table 1) , and at last followup, with the Glasgow Outcome Scale (GOS) (11) ( Table 2 ).
The patients were divided into 3 groups according to their GCS scores on admission: Mild head injury (GCS 13-15), moderate injury (GCS 8-12), and severe injury (GCS<8). In addition, patients were divided according to their ages into other 3 groups: children (<16 years), adults (16-64 years), and elderly (≥65 years). Clinical results after 6 months were categorized as good if GOS score was 1 and 2, and worse if it was grade 3, 4, or 5.
A case was considered as tSAH if there was localized or diffuse blood in the subarachnoid space. Tentorial hyperdensity was not accepted as tSAH if there was no accompanying blood in the adjacent subarachnoid space. tSAH was graded with the Fisher index (12) ( Table 1) . Accompanying CT findings such as epidural hematoma, subdural hematoma, intracerebral hematoma, contusions, or cerebral edema were also recorded.
At last follow-up, for adult patients return to work and for children return to school, respectively, and presence of headache were recorded. For a housewife, her capability to do her housework being similar to that before the trauma was accepted as return to work.
Statistical Evaluation
To compare nominal data, chi-square test or Fisher's exact test were used according to the number of the groups and for ordinary data Mann-Whitney test was applied. Results were accepted as significant if p<0.05.
Results
There were 13 female and 31 male patients with a mean age of 40.2 years (3 months to 79 years). There were 11 children, 23 adults, and 10 elderly patients. Female/male ratio was not significantly different in the three age groups (p=0.827) ( Table 2 ).
On admission, 30 patients had mild, 9 had moderate, and 5 had severe head injury. The rate of mild injury was 90.9% in children, 30.4% in adults and 20% in the elderly (p=0.004) ( Table 2 ). In accordance with these results, the Fisher index score was 2 in 81.8% of children, in 60.9% of adults, and in 40% of elderly patients. However, Fisher index scores were not significantly different in the three age groups (p=0.09) ( Table   2 ). Trauma severity was not different between female and male patients (p=0.879). On the other hand, there was a significant relationship between Fisher index and clinical grade on admission (p=0.016) ( Table 3 ).
There were additional CT findings in 12 patients: contusion in 8 cases, intracerebral hematoma in 5, subdural hematoma in 3, epidural hematoma in 2, and subdural effusion and hydrocephalus in one each. The rate of additional CT findings did not differ between age groups (p=0.145) ( Table 2 ); in addition, there was no significant relationship between presence of additional CT findings and head injury severity on admission (p=0.417) ( Table 3 ). Only one of the cases with additional findings required surgery to evacuate a subdural hematoma.
Twelve cases died between 1 and 49 days after trauma during hospitalization. Only one of them was a child. The mortality rate was 9.1% in children, 21.7% in adults, and 50% in the elderly (p=0.154).
The other 32 cases were followed for a mean of 14.6 months There was a significant relationship between presence of headache at last follow-up and Fisher index on admission.
Headache was significantly more frequent in patients with a
Fisher index score of 3-4 than in those with a Fisher index of 2 (71.4 and 12%, respectively; p=0.0001). Age, gender, severity of head injury on admission, and presence or absence of additional 
Discussion
Despite new developments of diagnosis and treatment modalities, the sequel rate of head injury is still high. In head injury patients, especially those with severe injury, functionally deprived, but anatomically saved many neural cells may return to normal function after trauma if ideal conditions are provided.
According to Adams et al. (13) , secondary damage is responsible for 40% of worse outcome after head injury. There are some studies evaluating risk factors causing secondary damage and affecting outcome. One of these factors is tSAH. Results of
European head injury studies (HIT I and II) and the American
Traumatic Coma Data Bank showed that presence of tSAH on first CT after trauma was related to a significant increase of the rate of worse outcome (2, 8, 9) . Therefore, patients with tSAH were recorded as a separate category in HIT 3 and 4 (14) . tSAH doubles the mortality rate in patients with head injury (14) .
These results led to the assumption that tSAH may be an important factor initiating a secondary damage process in the traumatized brain. This may be due to tSAH-induced vasospasm, electrolyte imbalance, hypothalamic dysfunction, or hydrocephalus (14) . tSAH in basal cisterns may be an indicator of vertebrobasilar artery injury (15) . In some cases, delayed deterioration was reported due to the evolution of tSAH into intracerebral hematoma because of the disruption of perforating arteries (16) .
Large clinical trials on tSAH such as the HIT studies were related to especially severe head injury. Regarding tSAH in patients with mild and moderate injuries, there are conflicting results in the literature. Some studies found that a presence of tSAH on the first CT after trauma predicted a worse outcome (17) (18) (19) . On the contrary, Demircivi et al. (4) and Otsuka et al. (20) reported that the presence of tSAH did not affect the outcome. In our study, GOS at last follow-up in patients with tSAH was significantly related with GCS on admission, and clinical results were usually good. Especially in pediatric patients, GCS on admission was high and GOS at last follow-up was very good. In addition, the presence of tSAH did not affect school performance in this patient group at follow-up.
It was reported in the literature that clinical outcome was directly related to the amount of blood in the subarachnoid space on the first CT after trauma: a larger amount of blood caused a worse outcome (8) . In our study, it was also seen that an increase in the amount of blood caused a significantly worse outcome.
Another very important factor affecting the outcome in our study was the presence of additional findings on the first CT. also divided their patients with tSAH into two groups, with and without accompanying lesions, and they found that the outcome was significantly better in the group with only tSAH.
It is well known that the amount of subarachnoid blood on the first CT after aneurysmal subarachnoid hemorrhage (aSAH)
is directly related to secondary vasospasm and, therefore, to outcome (21, 22) . Weber et al. (23) saw a presence of vasospasm in 40% of patients with severe head injury. Sander and
Klingelhöfer (22) found that in patients with tSAH, the degree of vasospasm was correlated with the amount of blood in the subarachnoid space, and therefore, they thought that vasospasm in tSAH may develop by a mechanism similar to that observed in aSAH. However, they did not find a strong correlation between degree of vasospasm and clinical outcome.
Nevertheless, it is known that posttraumatic vasospasm may cause ischemic deficits (24) . In our study, it was found, contrary 
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